The experiments were carried out at the Post Graduate Research Center, to study the influence of Gibberellic Acid (50 ppm) and Oxygenated Peptone (1% aqueous solution) on chick pea (Cicer arietinum L. cv. Vijay) during germination by giving pre-sowing soaking treatment for 6 hours using petriplate method. Both the treatments enhanced the germination process. GA treatment was useful to increase shoot length, mobilization efficiency, emergence index, speed of germination and co-efficient of germination while oxygenated peptone showed an upper hand in root length, shoot/root ratio, biomass and vigour index. GA led to comparatively more synthesis of nucleic acids while oxygenated peptone showed more increase in total carbohydrates and soluble protein content. However, the activity of enzymes like amylase, catalase and protease showed upper hand with oxygenated peptone as compared to GA. In fact GA is costlier and can not be used in organic farming as it enters metabolic pathways of plant and alters them. Hence the use of oxygenated peptone is recommended being less expensive and usable under organic farming condition as it does not enter the plant metabolic pathways and yet brings about significant positive effect.
INTRODUCTION
The life cycle of plant starts with seed germination, which is associated with degradation and mobilization of the reserves accumulated during seed maturation. Germination starts with water intake and activation of cytoplasm which are energy related processes requiring oxygen for respiration. The energy released during respiration is utilized for growth. Bewley and Black [1] stated that during germination, initially there is a sharp increase in oxygen consumption, which can be attributed to the activation and hydration of mitochondrial enzymes involved in citric acid cycle and electron transport chain. According to Taiz and Zeiger [2] , the rate of germination increases with oxygen supply. Oxygen also takes part in various oxygenation reactions of cell metabolism and transport of plant growth regulators (PGRs). The PGRs have been found to play a central role in the integration of the responses expressed by plants [3] . PGRs may also enhance germination [4] . Gibberellic acid is reported to increase percentage germination and seedling growth [5] . Pre-sowing treatment, also called as seed priming gives osmo-conditioning effect. It is the physiological method which improves seed performance and provides faster and synchronized germination [6] . Such treatment is found to improve germination and seedling establishment. Seed priming has been successfully demonstrated to improve germination and emergence on seeds of many crops [7] . Harris et al. [8] showed that under normal condition, hydro-priming is effective for germination and later growth of maize, rice and chickpea. Caseiro et al. [9] found that hydro-priming was the most effective method for improving seed germination of onion. Nascimento [10] remarked that primed seeds had higher germination compared to unprimed seeds. He further added that priming may be used to improve germination performance. Oxygenated peptone is found to enhance germination of seeds of tomato, brinjal and chilli [11] . Role of gibberellic acid in seed germination is also well established. Exogenous GA stimulates amylase activity. Aleurone layer of endosperm is sensitive to GA. GA also causes release of enzymes amylase and protease. These enzymes participate in the break down of stored starch to simple sugars. These sugars are then translocated to growing embryo where they provide energy for growth. Thus both oxygen and GA enhance seed germination.
There is no work carried out to compare the germina-tion responses of seed to GA and oxygen supply. So in present investigation, the germination studies are carried out in chick pea by giving pre-soaking treatment of GA and oxygenated peptone (a source of oxygen). Oxygenated peptone (with 100 mg/g oxygen, 650 mg/g peptone and 250 mg/g inert filler compound) has been found to induce enhancement in germination processes in solanaceous fruit vegetables like tomato, brinjal and chilli by seed priming treatment [11] . Wijte and Gallagher [12] found that no plumule or root growth occurred under anoxia in the early stages of development of salt marsh plants. So both GA and oxygen supply seem to be the important factors governing the process of germination. In the present investigation, an attempt is made to compare the germination performance of chickpea seeds under the influence of priming treatment with GA and with oxygenated peptone. This comparison is needed for two reasons, first GA is costlier than oxygenated peptone and second GA can not be used under organic farming conditions as it enters the metabolic pathway of plant and alters it while oxygenated peptone supplies O 2 and peptone. So it is to be found out whether oxygenated peptone can replace GA priming treatment which will lead to less costly and healthier food, grown in organic way.
MATERIALS AND METHODS
The seeds of chick pea (Cicer arietinum L. cv. Vijay) were surface sterilized with 0.05 percent HgCI 2 for 1 min., washed under running water and rinsed with distilled water. The surface sterilized seeds were soaked separately in 50 ppm gibberellic acid and 1% aqueous solution of oxygenated peptone for 6 hours. The seeds kept in distilled water for 6 hours worked as control. Then the seeds were allowed to germinate in petriplates using Whatman No.1 filter paper soaked with 10 ml. of distilled water. Five petriplates with 20 seeds per replicate were used for each treatment. Hand sorted seeds were used to eliminate broken and small seeds. Number of seeds germinated was noted daily. Various parameters like germination percentage, shoot length, root length, shoot/root ratio and biomass were studied on 6 DAS using routine method. Emergence of radical was considered as indicator of germination. Vigour Index (VI) was calculated according to the method suggested by Abdul Baki and Anderson [13] . Emergence Index (EI) was calculated by the method suggested by Baskin [14] . Speed of germination (SG) was calculated by the formula given by Maguire [15] . Coefficient of Velocity of Germination (CVG) was calculated as per the formula given by Kotowski [16] . Mobilization Efficiency (ME) of reserve food material present in seed during germination was calculated by the formula by Srivastava and Sareen [17] . Biochemical constituents were analyzed on 8 DAS, using methods proposed by Lowry et al. [18] for proteins, Sadasivam and Manickam [19] for total carbohydrates, DNA and RNA. The enzyme activity was studied on 10 DAS. The enzyme activity of amylase (EC 3.2.1.1) and catalase (EC 1.11.1.6), was scored by the method of Sadasivam and Manickam [19] ands that of protease (EC 3.4.2.2) by the method of Penner and Ashton [20] .
RESULTS AND DISCUSSION
The effect of pre-soaking treatment of GA and oxygenated peptone on morphological parameters of germinating seeds of chickpea is exhibited in Table 1 . All the seeds showed 100% germination 6 days after treatment. Both the treatments brought about enhancement in shoot length, root length, shoot/root ratio and biomass. GA plays direct role in stem elongation [21] . Hence, as expected, treatment of GA led to more enhancements in shoot length (92.47%) than that by oxygenated peptone (52.65%). This is supported by observation of Jamil and Rha [22] who reported maximum increase in shoot length and root length under the treatment of gibberellic acid. GA treatment seems to support shoot growth rather than root growth by exhibiting 92.47% increase in shoot length and just 10.02% increase in root length. But, increase in root length is more pronounced under oxygenated peptone treatment (28.08%) than under GA treatment (10.02%). Obviously, oxygenated peptone exhibited more shoot/root ratio (9.83%) than GA (9.01%). It seems that oxygenated peptone supports the development of root system than that of shoot system during germination by supplying soluble nitrogen and oxygen so that seedling is well established with extended root system. This is supported by Cherif et al. [23] , who observed that high oxygen treatment resulted in an increase in plant growth, as measured by shoot and root weights. Root and shoot weights were about the same in nitrogen treated and controls. They further added that hypoxia led to membrane instability. Here it should be noted that root and shoot length are the most important parameters because roots are in direct contact in soil and absorb water from soil and shoots supply it to the rest of the plant. This is reflected in the biochemical constituents of germinating seeds with significant increase in total carbohydrates and soluble proteins by 20.43 % and 68.11% respectively using oxygenated peptone treatment. At the same time, oxygenated peptone exhibited more Vigour Index (VI) because this parameter depends on germination percentage, root length and shoot length. However, the level of mobilization efficiency (ME) was shown better by GA (27.34%) than by oxygenated peptone (16.01%). Incidentally, the Emergence Index (EI), Speed 
Values are the mean of twenty determinations, Significance at 5% level --------(*), Significance at 1% level ---------(**), Values are not significant ----------( ns)
of Germination (SG) and Coefficient of Velocity of germination (CVG) showed positive values in GA treated seeds and negative values in seeds treated with oxygenated peptone. Table 2 shows the effect of pre-soaking treatment of GA and oxygenated peptone on biochemical constituents in germinating seeds of chickpea (8DAS). Both the treatments led to increase in total carbohydrates and soluble proteins. Oxygenated peptone increased the amount of soluble proteins significantly (68.11%) due to supply of soluble nitrogen in the form of peptone in addition to oxygen. Nucleic acids like DNA and RNA also showed increase under the influence of both treatments, with GA showing an upper hand. The activity of enzymes amylase, catalase and protease increased under both the treatments as compared to control with oxygenated peptone showing an upper hand. Catalase is an oxidative enzyme. The increased activities of amylase and protease are well correlated with the enhanced quantities of carbohydrates and proteins. Contrary to this, Ashton [24] and Misra and Kar [25] recorded that enhanced protease activity resulted in concomitant decline in storage and enzymatic protein. Muhyaddin and Wiebe [26] suggested that the enzymes are activated with an accompanying mobilization of reserve material ending in transport of reserve material in the embryo and thus stronger seedlings are obtain as a result of embryo growth. Penner and Ashton [20] suggested that the embryonic axis, through the production of plant hormones controls the protein breakdown by regulating the synthesis of proteases in storage tissue of seeds. Oxygenated peptone treatment shows an upper hand for carbohydrate and protein contents well as enzyme activity as compared to GA in the present investigation which is significant. Figure 1 projects the effect of the treatment of GA and oxygenated peptone on embryonal growth in chickpea seeds during germination. Both the treatments showed enhancement in morphological characters. Oxygenated peptone treatment resulted in more increase in root length while GA treatment showed upper hand in shoot length. But, it is clearly visible that even though shoot length was comparatively less under oxygenated peptone treatment condition, these shoots appeared more sturdy and vigorous with dark brown testa than the delicate, elongated shoots with light colored testa under GA treatment.
Seed germination is an important event in the life cycle of plant. This process determines survival of most plant species. Germination is a very complex process. A variety of factors including endogenous as well as environmental; influence seed germination. Ample supply of oxygen is needed during germination. Bewley and Black [1] observed that in maize, there was subsequent increase in oxygen consumption when incubated in water for 6 hr. from start of germination. This higher oxygen demand is due to increase in mitochondrial oxidation as Values are the mean of Five determinations ‫ﻌ‬ Standard deviation ----(±) ‫ﻌ‬ Significance at 1 % level ----(**) ‫ﻌ‬ Significance at 5%
level ----(*) a result of both repairs of mitochondria already existing within mature dry seeds and production of new mitochondria during germination. Ample supply of oxygen allows the operation of citric acid pathway liberating more energy per hexose molecule (38ATPs) and suppresses anaerobic pathway liberating less energy (8ATPs). Seed priming with oxygenated peptone gives the same advantage in the present investigation. Willumsen and Roeber [27] noted that the low content of air in propagation substrates may restrict germination and initial growth of seedling in cabbage. An increase in germination and enhanced seedling vigour obviously lead to establishment of good and healthy crop stand leading to better productivity. The overall picture shows that the pre-soaking treatment of GA and oxygenated peptone brings about positive effect on germination of chickpea seeds. GA, being a hormone, enters the metabolic pathways, alters them and brings about the changes by activating protein synthesis. Oxygenated peptone supplies the oxygen, so that there is rapid conversion of complex reserve food into simpler substances and rapid rate of respiration so as to liberate more ATPs useful for growth process. Oxygenated peptone also supplies soluble nitrogen in the form of peptone which is useful for germination process. Thus, oxygenated peptone does not enter the metabolic pathways and yet brings about the positive changes. Oxygenated peptone can be used for organic farming [28] but GA can not be used as it alters metabolic pathways. Oxygenated peptone treatment is less costly than GA. So it can be concluded that pre-soaking treatment of both GA and oxygenated peptone are useful to enhance the germination process in chick pea and in addition oxygenated peptone treatment has an advantage of being included in organic farming.
